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INTRODUCTION 

With t h e  es tab l i shment  o f  t he  Argonne Premium Coal Sample Program ( l ) ,  a 
long-term supp ly  o f  a l i m i t e d  number o f  coa l  samples f o r  bas ic  research has become 
a v a i l a b l e  t o  t h e  coa l  research community. These coa ls  o f f e r  t h e  advantage o f  hav ing  
been processed and s to red  under the  c o n t r o l l e d  cond i t i ons  o f  r e l a t i v e  humid i ty ,  tem- 
pe ra tu re ,  minimum oxygen exposure, e tc .  Since spec ia l  care  has been taken t o  i n s u r e  
sample homogeneity. d i r e c t  i n t e r - l a b o r a t o r y  comparisons o f  exper imenta l  r e s u l t s  w i l l  
now be poss ib le .  Furthermore, i t  w i l l  now be poss ib le  t o  eva lua te  t h e  chemical and 
phys i ca l  changes which accompany the  long- te rm s to rage o f  coal .  

RESULTS AND DISCUSSION 

I n i t i a l l y ,  it w i l l  be necessary t o  f u l l y  cha rac te r i ze  t h e  phys i ca l  and chemi- 
c a l  p r o p e r t i e s  of these samples by a v a r i e t y  o f  chemical and spec t roscop ic  means. 
It has been demonstrated t h a t  impor tan t  coa l  s t r u c t u r a l  i n f o r m a t i o n  can be 
es tab l i shed  by t h e  a p p l i c a t i o n  o f  s e l e c t i v e  chemical m o d i f i c a t i o n  reac t i ons  t o  
d e r i v a t i z e  independent ly  t h e  a c i d i c  0-H and C-H s i t e s  i n  coal .  For  example, i t  i s  
p o s s i b l e  t o  0 - a l k y l a t e  t h e  phenols and ca rboxy l i c  ac ids  i n  b i tuminous  and sub- 
b i tuminous  coa ls  by r e a c t i o n  w i t h  hydrox ide  and m t h y l  i o d i d e  ( 2 )  o r  methyl  t o s y l a t e  
(3 ) .  S o l i d  ( 2 ~ ~ 4 )  and s o l u t i o n  (2b) 1% NMR o f  coa l  d e r i v a t i v e s  prepared w i t h  
C-13 enr iched me thy la t i ng  agents have es tab l i shed  t h a t  indeed 0-methy la t ion  o f  phe- 
n o l s  and c a r b o x y l i c  ac ids  does occur. On t h e  o the r  hand, i t  i s  apparent t h a t  
s i g n i f i c a n t  C - a l k y l a t i o n  a l s o  occurs under t h e  phase- t rans fer  0 - a l k y l a t i o n  proce- 
dure  developed by L i o t t a  (2 ) .  For example, as much as 30% o f  t he  chemis t ry  i s  C -  
a l k y l a t i o n  when I l l i n o i s  No. 6 hvCb i s  t h e  coa l  and t h e  a l k y l a t i o n  cond i t i ons  a re  
tetrabutylammonium hydrox ide  (TBAH) and methyl  i o d i d e  i n  aqueous THF (4) .  The 
reasons f o r  t h i s  phenomenon have never been es tab l i shed.  I t  cou ld  d e r i v e  f rom 
i o n i z a t i o n  and m t h y l a t i o n  o f  h i g h l y  a c i d i c  C-H s i t e s  o r  it may i n d i c a t e  com- 
p e t i t i v e  0- and C-methy la t ion  o f  phenoxide s a l t s  (5).  Whatever t h e  reason(s) ,  t h e  
r e s u l t s  c l e a r l y  demonstrate t h a t  a ' f i n e  t u n i n g '  o f  t h e  r e a c t i o n  c o n d i t i o n s  towards 
exc lus i ve  0 - a l k y l a t i o n  i s  des i rab le .  

i n  favo r  of  carboxy l  vs pheno l i c  0 -methy la t ion  by l i m i t i n g  t h e  amount o f  hydrox ide  
base and r e p l a c i n g  t h e  methyl  i o d i d e  o r  m t h y l  t o s y l a t e  w i t h  d imethy l  s u l f a t e  (6). 
S p e c i f i c a l l y .  t h e  coa l  i s  t r e a t e d  w i th  an excess o f  TBAH. 

. We have found t h a t  i t  i s  poss ib le  t o  ' f i n e  tune '  t h i s  0 -methy la t ion  r e a c t i o n  
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per iod  (16 h), t h e  excess base i s  n e u t r a l i z e d  w i t h  HC1. Th is  'back t i t r a t i o n '  w i t h  
a c i d  i s  monitored, a glass e lec t rode  be ing  used t o  eva lua te  t h e  pH o f  t h e  so lu t i on .  
A f t e r  e q u i l i b r a t i o n ,  t h e  r e s u l t i n g  coa l  anions a re  quenched w i t h  C-13, C-14 double 
l a b e l l e d  d imethy l  s u l f a t e .  The pH dependency o f  t h e  r e a c t i o n  i s  eva lua ted  by 
measuring t h e  t o t a l  number o f  i n t roduced  methyl  groups u s i n g  C-14 combustion ana ly -  
s i s  (7).  The number o f  methyl  es te rs  i n  t h e  a l k y l a t e d  coa ls  i s  de f i ned  as t h e  
number o f  hydrox ide  l a b i l e  methyl  groups measured by  h y d r o l y s i s  (8). Typ ica l  
r e s u l t s  a re  shown i n  Table 1 f o r  a nonpremium sample o f  I l l i n o i s  No. 6 hvCb. As 
expected, t he  degree o f  me thy la t i on  i s  a s e n s i t i v e  f u n c t i o n  o f  t h e  s o l u t i o n  pH. 
Over t h e  pH reg ion  2-12, t h e  t o t a l  number o f  added methyls inc reases  w i th  an 
inc rease i n  s o l u t i o n  pH. More impor tan t l y ,  however, i s  t h e  observa t ion  t h a t  t he  
fo rmat ion  o f  methy l  es te rs  i s  p r e f e r r e d  a t  t h e  lower  pH values (pH < 7). Th is  use- 
f u l  proper t y  o f  coa l  means t h a t  t he  r e a c t i o n  s e l e c t i v i t y  can be op t im ized  by care-  
f u l  c o n t r o l  o f  t h e  r e a c t i o n  pH. The ' s i t e  s p e c i f i c i t y '  o f  t h e  r e a c t i o n  can be 
eva lua ted  q u a n t i t a t i v e l y  by measuring t h e  r a t i o ,  base l a b i l e  methy ls  t o  t o t a l  
methyls. For t h i s  p a r t i c u l a r  coa l  sample, s i t e  s p e c i f i c i t i e s  approaching 70% can 
be r e a l i z e d  when t h e  me thy la t i on  i s  c a r r i e d  ou t  a t  pH 2-7. 

An impor tan t  s tep  i n  t h e  s e l e c t i v e  me thy la t i on  o f  t h e  a c i d i c  C-H s i t e s  i n  coa l  
i s  the  convers ion  o f  t h e  phenols and c a r b o x y l i c  ac ids  t o  t h e i r  methyl  e t h e r  and 
methyl e s t e r  d e r i v a t i v e s  (6,8b,9). Th is  i s  accomplished by the  p repara t i on  of a pH 
12 0-methyl coa l  u s i n g  n a t u r a l  abundance d imethy l  s u l f a t e  as t h e  me thy la t i ng  agent. 

C-methylat ion chemis t ry ,  t h e  pH 12 0-methyl coal  i s  t r e a t e d  i n  separate exper iments 
w i t h  an excess o f  t h e  con jugate  bases o f  9 -pheny l f luorene (pKa = 19 i n  THF ( l o ) ) ,  
f luorene (PKa = 22 i n  THF ( 1 0 ) )  and t r ipheny lmethane (pKa = 31 i n  THF (10 ) )  as 
t h e i r  l i t h i u m  s a l t s  (so1vent:THF. T:O°C). A f t e r  a predetermined n e u t r a l i z a t i o n  
t i m e  (68 h, t y p i c a l l y ) ,  t he  r e a c t i o n  m ix tu res  a re  quenched w i t h  C-13, C-14 double 
l a b e l l e d  methyl  i o d i d e  and t h e  produc ts  i s o l a t e d  by a s e r i e s  o f  o rgan ic  and aqueous 
ex t rac t i ons .  14C combustion ana lys i s  i s  used t o  e s t a b l i s h  t h e  number o f  14CH3 
groups i n t roduced  under each se t  o f  r e a c t i o n  cond i t ions .  The i s o l a t e d  d e r i v a t i v e s  
a re  t r e a t e d  s e q u e n t i a l l y  w i t h  base and 13914CH3I a t o t a l  o f  t h ree  t imes. Prev ious  
work (6.9) has es tab l i shed  t h a t  r e p e t i t i v e  t rea tments  a re  necessar t o  ach ieve  
exhaust ive  C-methylat ion.  Th is  observa t ion  a long w i t h  t h e  CP/MAS i 3 C  NMR o f  
s e r i a l l y  a l k y l a t e d  coa l  d e r i v a t i v e s  suggest t he  chemis t ry  i nc ludes  t h e  r e a c t i o n  o f  
s t r u c t u r a l  u n i t s  c o n t a i n i n g  the  -CH2- group (11). 

C-H s i t e s  w i t h  pKa < 19 as equal t o  t h e  number o f  14CH3 groups i n t roduced  when 
9-phenylf luorenyll i thium i s  t he  base. The number o f  a c i d i c  C-H s i t e s  w i t h  
19  < PKa < 22 i s  taken as t h e  d i f f e r e n c e :  
l i t h i u m  minus t h e  number of 14CH3 added w i t h  9-phenylfluorenyllithium. 
f i n a l l y ,  t h e  number o f  a c i d i c  C-H s i t e s  w i th  22 < pKa < 31  i s  se t  equ iva len t  t o  t h e  
d i f fe rence:  
added w i t h  f l u o r e n y l l i t h i u m .  

approach i s  i l l u s t r a t e d  i n  Table 2 f o r  an 0-methyl low v o l a t i l e  b i tuminous  coal ,  
PSOC 1197 (6). 
i n  coal as a f u n c t i o n  of PKa. I n  terms o f  coa l  s t r u c t u r e  ana lys i s ,  t h i s  t y p e  of 
i n fo rma t ion  i s  p a r t i c u l a r l y  use fu l .  
v a r i e t y  of o rgan ic  compounds have been eva lua ted  ( l o ) ,  we can beg in  t o  ass ign  a 
s t r u c t u r e  t o  t h e  r e a c t i v e  s t r u c t u r a l  un i t s .  

To examine t h e  d i s t r i b u t i o n  o f  a c i d i c  C-H s i t e s  i n  coa l  by s e l e c t i v e  

To f a c i l i t a t e  t h e  d i scuss ion  o f  t h e  resu l t s ,  we d e f i n e  the  number o f  a c i d i c  

number o f  14CH3 added w i t h  f l u o r e n y l -  
And 

number of 14CH3 added w i t h  t r i t y l l i t h i u m  minus the  number o f  14CH3 

The s t r u c t u r a l  i n fo rma t ion  a v a i l a b l e  f rom t h e  a p p l i c a t i o n  o f  t h i s  chemical 

S p e c i f i c a l l y ,  we can eva lua te  t h e  d i s t r i b u t i o n  o f  a c i d i c  C-H s i t e s  

Since t h e  pKa values f o r  C-H groups i n  a 

For t h i s  p a r t i c u l a r  coa l ,  namely 
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PSOC 1197, we no te  t h a t  t h e  m a j o r i t y  o f  t he  C-H s i t e s  have pKa values 19 < 
PKa < 22. 
f luorenes as w e l l  as those con ta in ing  C-H bonds ad jacent  t o  e l e c t i o n  w i thdrawing  
subs t i t uen ts  (e.g., ca rbony l )  a re  impor tan t  s t r u c t u r a l  f ea tu res  i n  t h i s  b i tuminous  
coa l ,  w h i l e  9,lO-dihydroanthracene s t r u c t u r a l  types a re  absent. 
t h e  a p p l i c a t i o n  o f  these s t r u c t u r a l  probes t o  one o f  t h e  coa ls  f rom t h e  Argonne 
Premium Coal Sample Program w i l l  be presented d u r i n g  t h e  ta l k .  

Th is  observa t ion  suggests t h a t  s t r u c t u r a l  t ypes  such as indenes and 

The r e s u l t s  from 
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Table 1. Select ive  !-Methylation o f  I l l i n o i s  No. 6 using nBu4NOH 

and 13914(CH3)2S04 

NO. 14c~3/100 Coal c 
S i t e  

PH Tota l  Base Labi le  S p e c i f i c i t y  

12 4.0 f 0.4 1.1 f 0.1 28 f 5% 
7 1.37 f 0.01 0.90 f 0.01 66 f 1% 
5 0.90 f 0.08 0.68 f 0.05 76 f 13% 

2 0.18 f 0.02 0.12 f 0.01 66 f 14% 

Table 2. Select ive  C-Methylation of  0-Methyl PSOC 1197: The 
D i s t r i b u t i o n  of  Acidic C-H Sites as a Function o f  pKa 

pKa Range 
~~ 

No. C-H Si tes /100 Coal C 

pKa < 19 

19 < pKa < 22 

22 < pK, < 31 

0.06 

1.8 

0 
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